Subjective evaluations often are used after knee arthroplasty to quantify function; however, these scores may be influenced by pain and/or function of the nonoperated limb. Multiple influences increase variability of these scores, which in turn may result in a greater change in score required to be considered clinically important. We determined the relationships among the Knee Society pain and function scores, range of motion (ROM), and functional force measures of the surgically treated and nonoperated limbs. Before and 3 months after total or unicompartmental knee arthroplasty, 36 patients answered questions necessary to calculate the Knee Society pain and function scores. A dual-force platform was used to record the lift-up force of each limb during a stepping task. Function scores were correlated to pain scores, lift-up force of the nonoperated limb, and ROM before surgery. After surgery, function scores correlated with pain scores but not with objective functional measures or ROM. As patientreported function scores and functional force measures of the surgically treated limb seem to provide distinctly different information, both measures may need to be collected after knee arthroplasty to fully understand a patient's functional recovery.
Introduction
The largest source of physical disability in the United States is osteoarthritis (OA) [9] , with the knee most commonly affected [4] . An evaluation of outcomes after treatment of OA, whether operative or nonoperative, is necessary to fully understand the efficacy of any intervention. To do so, the Outcome Measures in Arthritis Clinical Trials conference (OMERACT) III recommended clinicians and researchers use tools that provide separate assessments of pain and physical function [1] .
Although pain and physical function are inherently related, they are not the same. Patients undergoing TKA commonly report considerable improvements in pain ratings during the early postoperative period [7, [16] [17] [18] . In contrast, the use of functional testing in the clinical setting has identified functional deficits including decreased speed when walking or climbing stairs despite pain relief 1 year after TKA [25] . The relationships among physical activity, functional performance, and patient perceptions of pain and function have been examined. Thomas et al. [24] reported performance of functional tests by patients with end-stage knee OA yielded low correlations (r = 0.31-0.33) with patient-reported physical activity. Stratford and Kennedy [21] reported pain, and not performance of functional tests, was the principal determinant of the WOMAC Physical Function subscale and suggested patient-reported outcome and functional performance measures are necessary to better evaluate patients with OA.
Although it is becoming increasingly clear patientreported outcome measures differ from clinical measures of functional performance, it remains unclear if the clinical tests used by previous authors truly provide information about the functional ability of the involved limb. Mizner and Snyder-Mackler [15] reported performance of functional tests after TKA was more related to strength of the uninvolved limb than of the surgical limb. With this in mind, it may be necessary to not only evaluate performance of functional tasks but also to do so using measurement techniques that allow individual evaluation of the involved and uninvolved limb. We presumed the Knee Society function score would be more related to pain and function of the nonoperative limb before and after knee arthroplasty and the Knee Society function score would show larger minimum detectable change than the functional force measure of the surgical limb.
To better evaluate functional recovery, we therefore (1) determined the relationships among the Knee Society pain and function scores, ROM, and individual functional force measures of the surgically treated and nonoperated limbs before and after knee arthroplasty; and (2) calculated the minimum detectable change for the patient-reported function scores and the functional force measures.
Materials and Methods
We recruited 73 patients with unilateral end-stage OA scheduled to undergo either unicompartmental knee arthroplasty (UKA) or TKA from among 316 patients having UKA or TKA from January 2007 to February 2008. Patients were not recruited to participate if they had sensory, neurologic, vestibular, or other health conditions that may affect balance, to protect against falls during functional testing. Patients who were unable to understand the questions used to obtain the pain or function score also were excluded. Of the 73 patients recruited, 43 chose to participate. Of these 43 patients, five had bilateral disease and were excluded from this analysis, and two had cancelled surgery after performing the preoperative data collection. The remaining 36 participants consisted of seven men and 29 women with a mean age of 67.4 ± 8.4 years and a mean body mass index of 29.1 ± 6.4 kg/m 2 . Seven patients were treated with fixed-bearing UKA (Vanguard M TM ; Biomet, Warsaw, IN), 18 with a mobile-bearing UKA (Oxford 1 ; Biomet), and 11 with a fixed-bearing TKA (Vanguard TM ; Biomet). All surgeries were performed by one surgeon (CPC), and all patients were treated with identical perioperative pain control and rehabilitation protocols. We obtained informed consent from all patients to participate in this Institutional Review Board-approved protocol.
We quantified patient-reported functional ability by calculating the pain and function subcomponents of the Knee Society score at each patient's routine preoperative and 3-month postoperative visit [5, 6] . The Knee Society score questionnaire used in this study included the 1993 modifications recommended by Dr. John Insall [6] . To calculate the pain score, patients were asked to rate their pain when walking, navigating stairs, and at rest as none, mild, moderate, or severe. The specific questions used to calculate the function score involved the patient's ability to walk without an assistive device, walking distance, and the ability to navigate stairs and rise from a seated position without upper extremity support.
Knee ROM was measured preoperatively and postoperatively using long-arm goniometry by one evaluator (CAJ). The intratester reliability of the ROM measurements were excellent, with intraclass correlation coefficients (ICC 2,1 ) = 0.92 (CAJ, unpublished data, 2006). The ICC statistic is commonly used to determine reliability of a measure [19] , and Currier [2] suggested the following classification scheme for interpreting the magnitude of the reliability coefficients: 0.90 to 0.99 = excellent reliability, 0.80 to 0.89 = good reliability, 0.70 to 0.79 = fair reliability, and \ 0.70 = poor reliability.
The functional testing required patients to perform two to three repetitions of the step-up-and-over tests on the Balance Master 1 long force plate (Neurocom, Inc, Clackamas, OR) ( Fig. 1 ) per the manufacturer's instructions [12] . This test was included because it specifically mimics one of the questions used to calculate the patientreported function score, which inquires about the patient's ability to ascend and descend stairs. We used the step-upand-over test to quantify the patient's ability to ascend and descend a small step ( Fig. 1) . A box with a height of 10.2 cm was placed on the force plate, and patients were instructed to step up onto the box with the test leg as fast as they felt comfortable. They then were instructed to bring the other foot onto the box, momentarily resting with both feet on the box. We then instructed patients to step down with the nontest leg as gently as possible and then bring the test leg down onto the force plate. During the ascent onto the box, the force created by the test leg was measured and normalized to the patient's body weight (% BW). This value was termed the lift-up index and has been reliable in our facility with ICC 2,1 = 0.82. Greater lift-up indices have been associated with increased concentric ability of the test leg [12] .
Participants were not asked to perform the functional test if they were unable to perform that test without upper extremity support, and four patients were unable to perform these tests at their postoperative followup. Patients were allowed to perform as many practice trials of the step-up-and-over test as they needed to become comfortable with the test. After completing the practice trials, patients performed a minimum of two test trials with each limb and the mean lift-up indices were calculated.
All variables, including the noncontinuous pain and function scores, passed Levine's test for homogeneity (p [ 0.05), therefore allowing us to use parametric analyses. Pearson's product moment correlation coefficients (r) were performed using SPSS 1 Version 17.0 (SPSS Inc, Chicago, IL) to compare the relationships among the function score, pain score, ROM, and lift-up indices of the involved and uninvolved limbs. In addition, the minimum detectable change was calculated for the dependent variables using Microsoft 1 Excel 1 2003 (Microsoft Corp, Redmond, WA). The minimum detectable change is useful to clinicians and researchers, as it allows one to interpret the clinical relevance of results in studies on the effectiveness of a given treatment [8] . Because of the partial dependence on sample size, statistical significance of a treatment effect does not always correspond to the clinical relevance of the effect [3] . Statistical significance is founded on the premise that the effect occurs beyond some level of chance. Clinical relevance, however, is related more to the benefits derived from a given intervention or treatment [3] . By computing the minimum detectable change of a dependent variable, the reader then may determine the amount of change of that variable that will be required to be considered clinically important. For example, take a patient whose Knee Society score increases from 40 (of 100) before arthroplasty to 50 1 year after the procedure. Although this difference may be statistically significant when included as part of a larger data set, would we as clinicians consider this 10-point change clinically important? We chose to determine the minimum detectable change for the Knee Society function score and the lift-up index to provide insight regarding the amount of change to be considered clinically important after knee arthroplasty and also to determine whether patient-reported functional outcomes or objective functional testing were more sensitive to relatively smaller changes after surgery.
Results
Before and after surgery, the function score did not correlate with the lift-up index of the involved limb. Function scores were correlated to pain scores (r = 0.49), lift-up force of the nonoperated limb (r = 0.52), and ROM (r = 0.34) before surgery. After surgery, function scores correlated with pain scores (r = 0.45) but not with objective functional measures or ROM (Table 1) . Lift-up index of the involved limb was not related to pain score either preoperatively (r = 0.21; p = 0.29) or postoperatively (r = 0.11; p = 0.56).
The minimum detectable change value for the patientreported function score was 34.5 points, and the minimum detectable change for the lift-up index of the involved limb was 8.1% BW. The minimum detectable change is a function of the standard deviation and standard error of measurement of a variable, suggesting, based on the measured variability of these measures, changes of 34.5 points of 100 possible points in the function score and 8.1% BW of a possible 100% BW in lift-up index are necessary to be considered clinically important. However, despite statistically significant increases in function following surgery, the magnitude of change of neither the function score nor the lift-up index was large enough to meet the minimum detectable change. In other words, the statistically significant increases in these variables may not be clinically meaningful (Table 2) .
Discussion
Subjective evaluations often are used after knee arthroplasty to quantify function; however, these scores may be influenced by pain and/or function of the nonoperated limb. Multiple influences increase variability of these scores, which in turn may result in a greater change in score required to be considered clinically important. We determined the relationships among the Knee Society pain and function scores, ROM, and individual functional force measures of the surgically treated and nonoperated limbs before and after knee arthroplasty and the minimum detectable change of the patient-reported and objective functional measures. We hypothesized the Knee Society function score would be more related to pain and function of the nonoperated limbs before and knee arthroplasty and the Knee Society function score would show larger minimum detectable change than the functional force measure of the surgical limb.
This study was not without limitations. We used the Knee Society scoring system that included Dr. Insall's 1993 modifications because it was the most current version of the scoring system available when the study was initiated [5, 6] . However, at the time of writing, the Knee Society has formed a task force to develop and validate a new function score that would be compatible with the prior version of the Knee Society scoring system [23] . With more recent doubts of this scoring system, it may not be appropriate to generalize our results to other outcome scoring systems. However, by testing a specific task included in the patient-reported Knee Society score questionnaire, we believe our results suggest patient reports of function do not correlate to functional performance measures of the involved limb.
Previous studies have suggested patient-reported function scores are related to performance of functional tests, using correlations ranging from 0.4 to 0.6 to support this conclusion [10, 13, 20] . Other studies also have compared patient-reported functional outcome scores and performance of functional tests [11, 21] . Maly et al. [11] and Stratford and Kennedy [21] compared the physical function components of the SF-36 [11] , WOMAC [11, 21] , and Lower Extremity Function Score [21] with patients' abilities to perform the timed up-and-go test, stair test, and 6-minute walk test [11, 21] . Patients were timed during the timed up-and-go test as they rose from a standard arm chair, walked 3 m, turned around, walked back to the chair, and returned to a seated position [11, 21] . During the stair test, patients were timed as they ascended and descended five steps [11, 21] . For the 6-minute walk test, the distance a patient was able walk in 6 minutes was recorded [11, 21] . Both groups of authors concluded patient-reported functional outcomes were more related to pain than to functional performance tests and suggested collection of patient-reported function scores and objective functional performance data may be necessary [11, 21] . Our study showed similar results with the Knee Society function score, as function scores had greater correlation coefficients with pain and the lift-up index of the uninvolved limb during the step-up-and-over test.
Despite providing clinicians with objective measures of function, performance of clinical functional tests such as those used by Maly et al. [11] and Stratford and Kennedy [21] have been reported to be more related to strength of the uninvolved limb [15] . This potentially may limit the ability to generalize results to functional recovery of the surgically treated limb. This also suggests that to gain better understanding of functional recovery of the surgically treated limb, patient-reported functional outcome scores and unilateral functional performance tests may be required.
Our minimum detectable change results also suggest this. In calculating the minimum detectable change, increased variability and/or reduced reliability of a measure result in larger minimum detectable change values, meaning a greater amount of change will be necessary to be considered clinically important for measures with either high variability or poor reliability. Despite showing considerable improvement 3 months after surgery, the minimum detectable change of the function score was 34.5 points, suggesting only a change greater than this value should be considered clinically important. Our patients had considerably improved function scores, with mean function score increasing from 44.1 to 63.6 after surgery. It has been suggested patients tend to report higher function than is observed during functional testing, which subsequently may lead healthcare professionals to overestimate functional ability if they rely solely on outcome scoring [22] . Our patients showed only modest improvements in our measure of concentric ability of the involved limb, with the mean lift-up index increasing from 18.9% BW preoperatively to 21.4% BW postoperatively. The magnitude of postoperative changes in lift-up index we observed is consistent with the time of recovery of quadriceps strength and function reported by Mizner et al. [14] . Considering the smaller relative minimum detectable change values of the lift-up index and the fact that it more closely mimics the time of muscle and functional recovery without undue influence of pain, we suggest this single-limb measure may be better suited to detect changes of smaller magnitude that may still have clinical relevance.
Our data support the suggestion of Stratford and Kennedy [21] that better understanding of functional outcomes can be gained by collecting functional performance measures and patient-reported outcome measures. Our results also support the concept that patient-reported functional outcome measures may be more related to pain or function of the uninvolved limb, which necessitates the ability to individually measure function of each limb.
Whether evaluating the efficacy of perioperative pain control protocols, changes in surgical technique or implant design, or modifications to postoperative rehabilitation protocols, we believe studies should use patientreported outcome questionnaires and objective measures of function, which seem better suited to detect changes of small magnitude that may be considered clinically important or relevant.
